When faced with an uncertain clinical pathosis in the oral cavity, identifying the color of the mucosal lesion helps to narrow down a differential diagnosis. Although less common than red and white lesions, yellow lesions encompass a small group of distinct mucosal pathologic entities. Adipose tissue, lymphoid tissue, and sebaceous glands are naturally occurring yellow constituents of the oral cavity and become apparent with associated developmental or neoplastic lesions. Reactive and inflammatory lesions can create a yellow hue due to purulence, necrosis, and calcification. Some systemic diseases are known to deposit yellow bi-products such as amyloid or bilirubin into the oral mucosa of an affected person, and while not always yellow, unusual entities like verruciform xanthoma and granular cell tumor fall under the umbrella of yellow lesions given their occasional propensity to demonstration the color. This chapter aims to explore the unique group that is yellow lesions presenting in the oral mucosa.
Introduction
Within the oral mucosa, lesions that have a yellow hue comprise a small yet diverse group of pathologic entities with etiologies that include true neoplasms, developmental lesions, reactive/inflammatory conditions, calcified masses, and manifestations of systemic disease. From a physiologic standpoint, adipose tissue, lymphoid tissue, and sebaceous glands are the primary tissue types with a normal yellow hue. Naturally distributed throughout the oral cavity, adipose and lymphoid tissues become clinically evident as the result of cellular hyperplasia and often present as non-ulcerated, smooth surfaced, dome-shaped or bosselated masses that attenuate the overlying oral epithelium. Sebaceous glands are typically found in intimate association with hair follicles, but their aberrant presence in the oral cavity is frequently detected and considered a variation of normal. Yellow lesions in the oral cavity can also result from deposition of blood breakdown byproducts, inflammation, and necrosis.
Within this subset of lesions, the mucosal surface may appear architecturally unaltered other than change in color, slightly raised with or without ulceration, or even fissured and harboring a nidus of foreign material. Finally, on rare occasion yellow lesions can indicate the presence of a systemic condition. This review will introduce and discuss the yellow appearing entities of the oral mucosa based on their generally accepted etiology (Table 1) .
Developmental Yellow Lesions
Developmental lesions of the oral cavity include a group of conditions which are often evident in early childhood, remain clinically detectable over one's lifetime, and at least in part, contain tissues native to the general anatomic site.
One yellow oral lesion that stretches the limitations of the above definition are Fordyce granules (FG). First described by John Addison Fordyce in 1896, these ectopic sebaceous glands can be found within the intraoral and labial mucosa, as well as on the genitalia [1] . The buccal mucosa and vermilion border of the upper lip are the most common head and neck sites [2] with isolated involvement of the anterior tonsillar pillars and retromolar pads also reported. Clinically described as yellow to cream-colored papules, FG appear as discrete clusters of granular-appearing cells 1 3 that may impart a slight bumpy feel to the surface mucosa (Fig. 1a) . With a prevalence approaching detection in 80% of the adult population, [3] FG are considered a variant of normal. Hyperlipidemia has been directly associated with individuals presenting with a higher density of FG and the increased risk factor for cardiovascular disease warrants examination [4] . Since FG is not a true pathologic entity [5] they are infrequently biopsied. If tissue is submitted, microscopic evaluation reveals a lobular aggregate of sebaceous acinar units immediately below the mucosal epithelium (Fig. 1b) . Hair follicles are expectantly absent and ductal communication to the surface may be observed (Fig. 1c) . The sebaceous lobules are comprised of large pale staining cells with a central nucleus and lipid-rich foamy cytoplasm (Fig. 1d ). Azevedo and colleagues assessed Ki-67 expression and sebaceous lobule count in FG and established histologic distinction from sebaceous hyperplasia, and sebaceous adenoma based on a significant decrease in the numbers of lobules and a reduced Ki-67 proliferation rate in FG [6] . This distinction between sebaceous entities may be of importance for the early detection and initial diagnosis of Muir-Torre syndrome, a phenotypic subtype of Lynch syndrome [7] . Also known as hereditary nonpolyposis colorectal cancer syndrome, Lynch syndrome shows inherited defects in DNA mismatch repair (MMR) genes and association with sebaceous hyperplasia and sebaceous adenoma [8] . At least two studies have also suggested a clinical correlation between FG and the hereditary nonpolyposis colorectal cancer syndrome [9, 10] yet germline mutation of MMR genes has yet to be demonstrated in FG [8] . Finally, while treatment of FG is typically not indicated, the internet is replete with homoeopathic cures for those desiring removal for cosmetic concerns. Originally referred to by Gold in 1962 as an intraoral branchial cyst, [11] the oral lymphoepithelial cyst (OLC) is a benign developmental lesion with a tendency for occurrence in the floor of the mouth and ventral-lateral tongue [12] . Within the oral cavity, aggregates of lymphoid tissue are naturally present in the area of Waldeyer's ring, specifically the lingual, pharyngeal, and palatine tonsils. Accessory oral tonsillar tissue and lymphoid aggregates are occasionally detected in the floor of the mouth and ventral surface of the tongue [2] . While several theories of pathogenesis of OLC exist, squamous epithelium either invaginates or becomes implanted within the lymphoid tissue, undergoes cystic dilatation, and results in a clinically detectable yellow to yellow-white dome-shaped swelling (Fig. 2a) . Rarely reaching beyond 1 cm in greatest dimension, OLC are frequently detected during the patient's third and fourth decades. An increased predilection in females has also been reported [13, 14] . Histologic examination reveals a predominantly parakeratinized squamous epithelial cyst lining surrounded fully or in part by hyperplastic lymphoid tissue often in a follicular pattern containing germinal centers (Fig. 2b) . Desquamated epithelium usually fills the cyst lumen (Fig. 2c) and the lymphoid tissue abuts the cystic lining (Fig. 2d) . Rarely would follicular lymphoma become a diagnostic concern, but if entertained, the lymphoid germinal center of OLC would contain mitotic figures, tangible body macrophages, and stain strongly positive for CD20 yet demonstrate weak or negative staining with CD10 and consistently negative BCL-2 immunoreactivity [15] [16] [17] . This later result contrasts sharply with follicular lymphoma, especially those identified as Grade 1 and 2. Conservative excisional biopsy is considered adequate treatment.
The term dysontogenetic, suggesting marked defective development, has been used to categorize a group of intraoral cysts that occur primarily along the midline of the floor of mouth or as an intralingual swelling [18] . Included in this group is the dermoid cyst (DC). Theories to the origin of the DC date back to the late nineteenth century [19] with acquired and congenital models formulated. Acquired lesions are purported to arise from traumatically implanted epithelium and are more likely to occur at the extremities [20] . Congenital cysts are thought to develop from entrapped ectodermal tissue along the body midline. This theory would appear to best explain intraoral DC with origins from aberrant epithelium during the fusion of the mandibular processes and/or branchial arches. While diagnosed over a broad age range exists, King and colleagues found the highest incidence of intraoral DC (27.6%) are reported in the initial five years of life [19] . Clinically the lesions will present as mucosal colored or have a yellow tinge. Typically asymptomatic at time of diagnosis, floor of mouth and intralingual cysts may impair mastication, speech, and cause difficulty breathing [21] [22] [23] (Fig. 3a) . For appropriate diagnosis the histologic examination of DC must identify two germ cell layers; a typically uniformly thin keratinized squamous epithelial cyst lining ( Fig. 3b) with sebaceous glands or hair follicles present within the connective tissues intimately associated with the epithelium [20, 21, 23, 24] (Fig. 3c, d ). Surgical excision of DC is the most effective therapy, yet the exact approach is often sitespecific [23] . In the cases along the midline of the neck, those presenting above the geniohyoid muscle may facilitate an intraoral approach while those below the muscle often necessitate extraoral removal [24] .
Reactive and Inflammatory Yellow Lesions
Reactive and inflammatory responses are part of the body's defense mechanism that are elicited to protect individuals from infection and injury. The response consists of an increase in permeability of the nearby blood vessels with the migration of fluid, proteins, phagocytic neutrophils, and macrophages to the site of tissue damage. The components of the response and repair process often present intraorally with a beige to yellow hue dependent in part on the type of substance encountered, the presence of purulence, or if a nidus of calcification has formed.
With mounting evidence for derivation as a localized reactive process, Shafer described the verruciform xanthoma (VX) as a benign oral lesion in 1971 [25] . Over the next decade, extraoral cases involving skin and the genitalia were added to the literature. Intraorally, VX appear to favor the masticatory mucosa with greater than 85% of cases reported occurring on the keratinized surfaces [26] . Typically presenting as a solitary lesion, VX is described as being slightly exophytic, having a pebbly or warty surface architecture, and can range from yellow to red-brown in color (Fig. 4a) . The lesions are most common in the fifth and sixth decades of life and reported as asymptomatic at the time of discovery. Histologic examination reveals a parakeratinized hyperplastic epithelium displaying a verrucous-like appearance with uniformly elongated rete pegs (Fig. 4b) . Large polygonal, foamy-appearing, "xanthoma" cells fill the connective tissue papillae and only rarely venture beyond the depth of the rete pegs [27] (Fig. 4c,  d ). The individual xanthoma cells exhibit strong positive staining with CD68, validating a macrophage lineage, and Periodic-Acid-Schiff stain shows reactivity in the granular contents of these foam cells [26] . Further evaluation with macrophage subpopulation antibody probes RM3/1, 25F9, and 27E10 helped demonstrate the majority of the xanthoma cells are of reparative and resident phenotype and help to characterize the VX as a chronic reactive process [28] . While considered exceedingly innocuous and warranting conservative surgical removal, the clinician should be aware that VX has been reported in association with numerous inflammatory conditions such as pemphigus vulgaris and lichen planus, in addition to premalignant and malignant neoplasms to include squamous cell carcinoma [29] .
Abscess (AB) formation in the oral cavity can have a myriad of etiologies to include pulpal necrosis, bacterial or foreign material-driven gingival breakdown, or periodontal inflammation involving the tooth supporting bone. Though AB is not considered a rare finding, in a community screening of over 23,000 adult patients, it did not make the list of the most common oral lesions encountered [30] . In addition, a histologic review of 125 periapical lesions treated with periapical surgery by Schulz and his coauthors found only 5% of lesions diagnostic of AB [31] . Furthermore, Herrera and colleagues while reviewing the periodontics literature noted the low frequency of AB occurring in the periodontium while highlighting the importance of immediate recognition and management [32] . Clinically AB often presents with a cream-yellow colored central nidus of purulence surrounded by a reddish halo. This purulent inflammatory infiltrate is characterized by a collection of neutrophils, necrotic cells, and edematous fluid [33] . Treatment, which is frequently emergent, [34] is directed toward eliminating the cause of the infection with or without the prescribing of antibiotic medications [35] .
Bacterial inflammation and retained organic matter have been implicated as factors in the formation of "stonelike" deposits throughout the body [36] and the head and neck region is not exempt. Sialoliths (SL) and tonsilloliths (TL) are examples of stone formation, affecting the ducts of salivary glands and the tonsillar crypts respectively. In the case of SL, the most commonly affected location is the submandibular gland duct with is anti-gravitational uphill and tortuous course from gland parenchyma to the exit at Wharton's duct. While the surrounding tissues can become red with inflammation, the SL and its associated bacterial debris, appear yellowish especially when present at or near the duct orifice (Fig. 5a ). In addition to anatomic factors, high saliva calcium concentrations, and retrograde migration of bacteria and debris through the duct orifice have also been implicated in SL formation [37] . The SL itself is an aggregate of different calcium phosphates, mainly hydroxyapatite, along with inflammatory cells and organic material within the excretory duct lumen (Fig. 5b) . The calcified mass may give the appearance of concentric deposition [36] (Fig. 5c ). Patients will regularly report episodic swelling and pain often correlating with mealtimes and radiographs can be useful in confirming the presence of larger lesions (Fig. 5d ). Foletti and colleagues [38] have proposed a decision-tree based approach to management of the calculi based upon the specific gland involved, portion of the excretory duct involved, and diameter of the SL in hopes of inviting more minimally invasive treatments. Findings by Lustmann, et al. suggest that patients with SL are more prone to develop nephrolithiasis [39] . Other reviews have failed to identify a correlative relationship between SL formation in patients additionally suffering from kidney stones or gallstones [40, 41] . A case controlled study recently found significantly more antibiotic use in patients with SL formation as compared to control populations, however no association with other systemic diseases, smoking, or alcohol consumption was discovered [42] .
The pharyngeal tonsils with their irregularly branching crypts help introduce host immune cells to antigens from the oral cavity. Within these crypts keratinaceous debris, foreign material, and bacterial colonies accumulate and occasionally calcify to form TL [43] . Clinically TL are common, presenting as white or yellowish masses within the tonsillar folds (Fig. 6a) . While TL are usually asymptomatic, occasional ailments include pain, dysphagia, sore throat, and halitosis. A review of plain film X-rays at the University of Iowa detected TL in over 8% of the patient population [44] while Takahashi and co-authors detected tonsillar calcification in 39.9% of patients using computed tomography [45] demonstrating in part, the increased sensitivity of 3D imaging. Treatments range from selfinflicted home remedies to curettage or laser therapy [46] . Tonsillectomy is reserved for symptomatic or recurrent cases. Examination of the submitted surgical tissue beyond gross inspection is dictated by local pathology laboratory policy [47, 48] and if performed would reveal a tonsillar crypt lined by stratified squamous epithelium and surrounded by reactive follicular hyperplasia (Fig. 6b) . The crypt itself harbors the concentrically organized bacterial colonies with a central calcified nidus (Fig. 6c) . Filamentous and coccus forms of bacterial are apparent (Fig. 6d) .
Neoplastic Yellow Oral Mucosal Lesions
Detectable changes in oral mucosa morphology and color are often initial signs of neoplastic change, with color frequently employed to categorize the various pathologic entities for the purpose of generating a differential diagnosis. While neoplasia, benign or malignant, is not an uncommon phenomenon in the head and neck region, Medline® searches for yellow oral neoplasms/tumors typically yield but two entities; lipoma and granular cell tumor [49] [50] [51] .
Considered the most frequently diagnosed soft tissue tumor in the body, roughly 20% of lipomas (LI) occur in the head and neck, though less than 4.4% constitute intraoral cases [50, 52] . Intraoral LI are typically located in the buccal mucosa, submandibular region, tongue, and floor of mouth [53] and when involving the superficial lamina propria LI impart an unmistakable yellow clinical appearance (Fig. 7a) . Microscopic evaluation demonstrates a well-demarcated proliferation of mature adipocytes absent of cytologic atypia (Fig. 7b) . Classic LI comprises the vast majority of histologic subtypes encountered with spindle cell, chondroid, and fibrolipoma variants also reported. A vague lobular appearance is produced by thin fibrous connective tissue septa containing small blood vessels (Fig. 7c) . The individual lipocytes are large, varying little from normal fat, with a prominent lipid vacuole and peripherally placed nucleus (Fig. 7d) . Sclerosis and presence of lipoblasts should alert concern for malignancy. Conservative surgical excision is considered curative.
Although classified here as a soft tissue neoplasm, the granular cell tumor (GCT) has an unclear and debated histogenesis. Originally termed granular cell myoblastoma and Abrikossoff's tumor, the plump granular cells of the GCT were at one point postulated to be of skeletal muscle origin. Current concepts support the tumor to be of neural origin, specifically Schwann cells, [54] [55] [56] [57] though some still debate the classification of this lesion as a neoplasm arguing they are a product of metabolic stress or trauma [54] . GCTs can arise anywhere in the body but the majority occur in the head and neck region with an affinity for the dorsal tongue and a predilection for females [54] [55] [56] [57] . Clinically, the lesions present as small firm yellow or pink nodules [57] (Fig. 8a) . The overlying epithelium is typically nonulcerated and in approximately 50% of cases will, on histologic examination, demonstrate pseudoepitheliomatous hyperplasia which may be mistaken for squamous cell carcinoma [56] (Fig. 8b) . The microscopic hallmark of this lesion is the presence of granular cells containing numerous autophagolysosomes imparting a course, gritty appearance to the cytoplasm [54] (Fig. 8d) . These granular cells can appear syncytial or arranged in ribbons and sheets around fibrous connective tissue septa or muscle, often blending unperceptively along the epithelial interface [55] (Fig. 8c) . While strong immunohistochemical expression of S-100 protein, CD57, CD68, and SOX10 is reported in the majority of the tumors, [58] a couple of authors have reported S-100 negative reactivity in GCT [59, 60] . Synchronous, metachronous, and malignant GCTs have been reported [57] . Surgical excision is the treatment of choice.
Yellow Oral Manifestations of Systemic Diseases
Oral manifestations of systemic disease may present in a variety of manners to include bony and soft tissue growths, vesiculo-ulceration, deposition of cellular byproducts, and discrete or generalized areas of intra-and perioral discoloration. In many instances, these oral findings may precede the appearance of signs and symptoms at distant sites in the body.
The etiology of altered mucosal coloration may be pathologic or physiologic and often the direct result of endogenous production or deposition of melanin, hemosiderin, or hemoglobin [61] . The term jaundice (JAU), refers to the yellow discoloration of the skin, sclera, or oral mucosa occurring as the result of excess bilirubin and its deposition in the dermis or submucosa [62] . With normal function the liver metabolizes and excretes bilirubin. In disease states such as cirrhosis, hepatitis, or pancreatic cancer, the liver fails to clear this waste material. Bilirubin shows an affinity for elastin fibers and concentrations of this yellowish-orange hemoglobin breakdown product tend to accumulate intraorally along the soft palate and floor of mouth in proximity to the lingual frenum [62, 63] (Fig. 9a) . Extraoral head and neck sites include the sclera (Fig. 9b) . The diagnosis workup of JAU usually includes a serum liver function panel and if formalin-fixed tissue from the liver is available, cholestasis is noted (Fig. 9c) . Peripheral tissues can show deposits along elastin fibers (Fig. 9d) . A Hall's bilirubin stain will highlight deposits of bilirubin by converting the normally yellow-orange pigmented bile to olive or emerald green in color. As the seriousness of underlying causes of JAU vary significantly, the treatment and potential patient outcomes vacillate widely as well.
The term inflammatory bowel disease (IBD) encompasses as group of digestive disorders that may produce concomitant oral lesions including aphthous ulcers, pyostomatitis vegetans (PV), and drug induced lichenoid mucositis [64] . Recognized as the oral counterpart of pyoderma gangrenosum, PV has been shown to demonstrate a strong association with IBD, most commonly ulcerative colitis [65] . Clinically, small yellow-white pustules on erythematous mucosa that coalesce and break to form a "snail track" pattern characterize the lesions [64] [65] [66] (Fig. 10a) . The labial gingiva, soft and hard palate, buccal mucosa, and labial mucosa are the most commonly reported sites of occurrence with tongue and floor of mouth involvement considered rare events [64] [65] [66] . Histopathologically, the affected epithelium shows acanthosis (Fig. 10b ) with intraepithelial and subepithelial microabscesses comprised of neutrophils and eosinophils (Fig. 10c, d) . The presence of PV should alert a clinician to refer the patient for evaluation by a gastroenterologist, as the lesions might be an initial sign of undiagnosed IBD. In patients previously diagnosed with IBD, the oral lesions may be an indicator of relapse [65] .
Within the oral cavity, the discovery of extracellular amyloid (AA) deposition can represent a localized occurrence or be a component of a widespread systemic phenomenon with significant associated morbidity and mortality. In addition to the variability in presentation, the pathogenesis of the amyloid fibrils also can differ. Immunoglobulin light chain-related proteins and inflammatory driven serum amyloid A derived proteins are considered the major contributors to primary and secondary amyloidosis, respectively [67] . While the most common head and neck site of involvement is the laryngeal and subglottic region, intraoral lesions most often occur in the tongue [68] . Presenting as localized nodules or plaque, or diffusely with resultant macroglossia, the AA can impart a yellow, orange, or even red tone to the overlying mucosa (Fig. 11a) . Microscopically one expects to find nodular aggregates of an amorphous eosinophilic material displacing the Fig. 9 Jaundice. a Diffuse yellow discoloration to the mucosa along the lingual frenum; b involvement of the sclera a common finding; c intraluminal plugging of ducts with bile with spillage into surrounding tissue; d peripheral tissues showing deposits along elastin fibers. Clinical photos courtesy Dr. Christopher Fielding lamina propria and submucosa with an overlying intact surface epithelium (Fig. 11b) . The amyloid often closely approximates with muscle, native blood vessels, and occasionally surrounds adjacent minor salivary gland [69] (Fig. 11c) . Staining with Congo red highlights the AA as pale red under direct light microscopy ( Fig. 11d) and will impart an apple green birefringence of the deposits under polarized light. Most intraoral cases represent a localized process, requiring surgical intervention for diagnosis, and improved functional considerations. However, an appropriate workup to rule out systemic factors is warranted.
Conclusion
While admittedly, few lesions appear yellow in the oral cavity, those that do have quite diverse and unique etiologies. The derivation of the yellow color in these lesions may be the result of the proliferation of normal occurring tissues like adipose or sebaceous elements, a bi-product of inflammation and calcified debris, or rare tissue deposits associated with systemic conditions. Despite this variation, substantiate conditions do exist that warrant early detection, and due to the limited number of yellow lesions in existence and the distinctiveness of their characteristics, identifying an unknown oral entity as yellow enhances the precision of a healthcare provider's differential diagnosis. 
